4-Hydroxycinnamoyl-CoA: an ionizable probe of the active site of the medium chain acyl-CoA dehydrogenase.
4-OH-Cinnamoyl-CoA has been synthesized as a probe of the active site in the medium chain acyl-CoA dehydrogenase. The protonated form of the free ligand (lambda(max) = 336 nm) yields the corresponding phenolate (lambda(max) = 388 nm) with a pK of 8.9. 4-OH-Cinnamoyl-CoA binds tightly (K(d) = 47 nM, pH 6) to the pig kidney dehydrogenase with a prominent new band at 388 nm, suggesting ionization of the bound ligand. However, this spectrum reflects polarization, not deprotonation, of the neutral form of the ligand. Thus, the 388 nm band is abolished as the pH is raised (not lowered), and analogous spectral and pH behavior is observed with the nonionizable analogue 4-methoxycinnamoyl-CoA. Studies with wild type, E99G, and E376Q mutants of the human medium chain acyl-CoA dehydrogenase showed that these two active site carboxylates strongly suppress ionization of the 4-OH ligand. Binding to the double mutant E99G/E376Q gives an intense new band as the pH is raised (pK = 7.8), with an absorbance maximum at 498 nm resembling the natural 4-OH-cinnamoyl-thioester chromophore of the photoactive yellow protein. Raman difference spectroscopy in water and D(2)O, using the free ligand and wild-type and double-mutant enzyme.ligand complexes, confirms that the 4-OH group of the thioester is ionized only when bound to the double mutant. These data demonstrate the strong electrostatic coupling between ligand and enzyme, and the critical role Glu376 plays in modulating thioester polarization in the medium chain acyl-CoA dehydrogenase.